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I.  INTRODUCTION 


At  the  present  rate  of  energy  consumption,  the  United  States  will  need  to 
supplement  depleting  domestic  crude  oil  reserves  with  alternative  sources  in 
order  to  reduce  a  dependence  upon  foreign  energy  reserves  from  politically 
unstable  countries.  The  alternative  energy  sources  would  Include  liquids 
produced  from  oil  shale  and  coal  for  the  manufacture  of  mobility  fuels* 
There  will  be  both  physical  and  chemical  fuel  composition  changes,  compared 
to  petroleum- derived  fuels,  whose  Impact  upon  engine  performance  are  not 
known.  Since  as  a  tactical  •  assure  the  U.  S.  Army  will  be  one  of  the  first 
users  of  fuels  derived  from  «.iternatlve  sources,  it  must  be  prepared  for  the 
effects  of  these  new  fuels  on  the  performance  of  their  equipment. 

Figure  1  illustrates  the  process  for  evaluating  new  fuels  to  assure  that 
there  will  be  no  impairment  to  the  overall  Army  mission^)*.  This  process 
provides  for  a  rapid,  but  orderly,  evaluation  which  will  identify  problem 
areas  as  early  as  possible.  The  facility  described  in  this  report  falls 
under  the  heading  of  Component  and  Single-Cylinder  Engine  Testing  and  is 
intended  to  provide  extensive  data  on  the  combustion  behavior  of  candidate 
fuels  and  fuel  components  of  interest.  The  engines  which  will  be  used  In 
the  facility  are  intended  to  function  as  intermittent  combustion  bombs 


FIGURE  1.  PROCESS  FOR  EVALUATING  NEW/SYNTHETIC  FUELS 


*  Underscored  lumbers  in  parentheses  refer  to  the  list  of  references  at  the 
end  of  this  report. 
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rather  than  an  emulation  of  any  specific  production  engine.  The  reactors 
(combustion  chambers)  are  one  of  the  variables  which  will  be  varied  during 
future  projects,  and  the  information  generated  is  intended  to  be  suffici¬ 
ently  basic  to  allow  interpretation  of  the  data  without  being  constrained  to 
e  particular  production  engine  design. 

Continuing  research  has  been  performed  on  the  effects  of  fuel  components  on 
diesel  engine  operation,  but  these  efforts  have  concentrated  on  understand¬ 
ing  tho  results  of  variations  in  the  refining  of  petroleum.  Review  of  the 
literature  has  Indicated  that  there  are  major  gaps  when  potential  shale  fuel 
properties  are  considered.  A  need,  therefore,  exists  for  the  development  of 
a  program  designed  to  fill  the  gaps  in  the  technology.  A  program  has  been 
outlined  which  includes  the  formulation  of  fuels  whose  chemical  and  physical 
composition  will  be  varied  to  approximate  various  potential  shale-derived 
liquids.  Every  attempt  would  be  made  to  vary  as  few  properties  at  a  time  as 
possible.  Each  of  these  synthesised  shale  diesel  fuels  will  then  be  eval¬ 
uated  in  a  fully  Instrumented  diesel  research  engine  to  determine  the  ef¬ 
fects  these  variations  in  fuel  properties  have  on  engine  operation.  In  this 
way,  an  understanding  of  the  impact  of  each  potential  change  in  fuel  compo¬ 
sition  could  be  developed,  leading  to  sufficient  knowledge  to  point  out 
those  physical  and  chemical  properties  of  shale  diesel  fuels  which  must  be 
controlled  by  specifications. 

The  installation  and  calibration  of  a  facility  for  evaluating  the  possible 
finite  property  variations  of  the  synthesized  shale  diesel  fuels  was  con¬ 
sidered  a  prime  phase  of  the  overall  program  outline.  The  monitoring  of 
combustion  efficiency,  heat  release,  ignition  delay,  and  pressure  rise  is  a 
fundamental  method  of  determining  effects  the  fuel  property  have  on  engine 
performance.  It  was  proposed  that  a  high-speed  computerized  data  acquisi¬ 
tion  system  be  used  to  monitor  the  various  inputs  needed  to  compute  the 
aforementioned  parameters.  A  fully  instrumented,  fuel-sensitive  engine, 
linked  to  the  high-speed  system,  would  provide  an  effective  tool  for  evalu¬ 
ating  the  effects  of  various  shale  fuel  properties. 
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II.  DESCRIPTION  OF  FACILITY 


The  facility  developed  for  the  monitoring  of  diesel  fuel  property  effects  on 
combustion/ ignition  characteristics  consists  of  threa  individual  segments. 
The  first  segment  is  the  modified  Detroit  Diesel  (DD)  3-53  research  engine 
and  its  associated  hardware.  The  second  segment  is  the  engine  instrumenta¬ 
tion  package,  and  the  third  segment  la  the  CALO  data  acquisition  system. 
The  proper  Interfacing  of  these  three  segments  is  paramount  in  determining 
the  significance  of  any  property-related  fuel  effects  on  engine  performance. 
Figure  2  is  a  block  diagram  of  the  integrated  combustlon/lgnitlon  facility. 


A.  Research  Engine 

The  DD3-53  series  two-cycle  engine  is  considered  one  of  the  more  fuel- 
sensitive  engines  in  the  military  fleet,  A  decision  was  made  to  use  the 
DD3-53,  but  to  convert  it  into  a  single-cylinder  research  engine.  The 
impetus  behind  the  conversion  was  to  reduce  the  fuel  consumption  of  the  test 
engine,  an  important  factor  when  studying  fuelB  which  are  available  in  only 
limited  quantities. 

During  the  initial  conversion  procedures,  the  numbers  one  and  three  pistons 
were  removed  from  the  engine,  and  the  appropriate  counterweights  were  added 
to  their  respective  crankshaft  throws.  Provisions  were  made  to  cover  the 


cylinder  liner  intake  ports,  and  the  pushrods  and  rocker  arm  assemblies  for 
cylinders  1  and  3  were  removed.  The  fuel  system  passages  were  modified  in 
the  head  so  that  fuel  flows  to  and  from  the  No.  2  Injector  only.  The  gover¬ 
nor  was  removed,  and  a  micrometer  adjustment  vat  installed  for  fuel  flow 
control  to  the  unit  injector.  The  need  to  control  temperature  and  pressure 
of  the  Intake  air  necessitated  the  removal  of  the  rootB  blower  from  the 
modified  DD  3-53  engine.  An  intake  air  system,  incorporating  an  in-line  air 
heater,  an  air  dryer  to  provide  constant  humidity,  and  an  air  compressor, 
vsb  devised  to  simulate  blower  and  airbox  conditions.  The  exhaust  wbb 
fitted  with  a  remote-actuated  butterfly  valve  for  control  of  backpressure  to 
simulate  the  turbocharger  turbine  restriction.  Upon  completion  of  the 
modifications,  tests  were  performed  to  determine  the  operability  of  the 
engine  in  a  one-cylinder  configuration. 

Preliminary  testing  with  the  Detroit  Diesel  3-53  single-cylinder  conversion 
revealed  no  vibrational  problems  at  low  speeds  and  light  loads.  However, 
the  testing  did  seem  to  indicate  that  severe  vibrational  problems  could 
occur  at  the  higher  speeds.  In  order  to  determine  the  source  of  the  vibra¬ 
tions  and  to  develop  corrective  action,  a  computer  model  was  developed  and 
used  to  compute  the  forces  and  force  couples  generated  by  the  rotating  and 
reciprocating  parts  within  the  engine.  The  model  indicated  that  the  im¬ 
balances  created  by  the  removal  of  two  pistons  and  connecting  rods  could  be 
balanced  by  altering  the  orientation  of  the  counter  rotating  balance  gears 
and  by  removal  of  some  masB  from  these  gears,  After  the  modifications  were 
made,  the  engine  was  assembled  and  tested.  The  testing  revealed  two  dis¬ 
tinct  modes  of  vibration;  yawing,  caused  by  an  out  of  balance  horizontal 
force;  and  rolling,  caused  by  side  thrusts  during  the  combustion  process. 
Numerical  analysis  provided  the  solution  to  the  yawing  problem,  by  indi¬ 
cating  a  need  to  reposition  the  two  pulley  counterweights  on  the  front  of 
the  engine.  These  pulleys  had  been  shifted  out  of  phase  with  one  another 
when  the  prior  modifications  had  been  made.  The  rolling  vibration  posed  a 

problem  whose  solution  was  not  immediately  apparent,  but  was  approachable  in 
a  unique  manner. 
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As  a  refinement  to  eliminate  the  slde-to-slde  rolling,  a  vibration  damper 
vae  added  to  the  engine.  The  vibration  damper  consisted  of  a  still  rod 
attached  firmly  to  the  rear  of  the  engine.  The  rod  extended  from  the  engine 
centerline  vertically  upward  for  a  total  length  of  1.5  m.  A  balance  weight 
was  attached  to  the  rod  in  such  a  way  that  it  could  be  repositioned  along 
the  length  of  the  rod.  Modeling  the  angina,  the  engine  supports,  the  rod, 
and  the  balance  weight  as  a  two  mass-two  spring  system  proved  to  be  a  com¬ 
plex  problem  because  of  the  number  of  unknown  constants  involved  in  the 
dynamics  of  the  engine  support  structure.  Utilising  a  number  of  gross 
assumptions  resulted  in  the  design  of  a  Bystem  Involving  a  2.15-kg  mass 
extending  1.2  m  above  the  centerline  of  the  engine  on  a  1.9-cm  OD  steel  rod. 
With  this  system,  it  was  predicted  that  the  inertial  forces  generated  by  the 
alde-to-side  motion  of  the  balance  mass  would  just  balance  the  forces  exer¬ 
ted  on  the  engine  by  the  combustion  process. 

The  weight  manufactured  for  the  system  actually  had  a  mass  of  3.62  kg.  As  a 
result,  the  actual  position  of  the  weight  had  to  be  adjusted  to  approxi¬ 
mately  0.5  m  above  the  centerline  for  balancing  at  1000  rpm  (see  Figure  3). 
The  lengths  required  for  balancing  at  other  engine  speeds  were  also  de¬ 
termined  experimentally  by  observing  the  point  at  which  engine  side  motion 
ceased,  lhe  engine  motion  was  measured  by  using  a  strobe  light  to  observe  a 
mark  placed  on  the  head  of  the  engine. 

After  collecting  the  data,  a  first-order  polynomial  regression  was  performed 
in  order  to  provide  a  calibration  curve  for  predicting  the  length  required 
for  balancing  the  engine  at  any  given  speed  within  its  operating  range.  A 
plot  of  the  raw  data  and  the  calibration  curve  for  predicting  "zero"  deflec¬ 
tion  are  shown  in  Figure  4.  Initial  testing  of  the  balance  rod  length  has 
shown  the  predi  ted  values  to  be  close  enough  to  the  actual  values  that  only 
minor  adjustments  need  be  made  during  engine  operation  to  ensure  "zero" 
deflection.  After  the  mechanical  modifications  were  made  to  ensure  stable 
engine  operation,  the  engine  instrumentation  was  installed. 
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B.  REAR  VIEW 

FIGURE  3.  ENGINE  BALANCING  SYSTEM 


1100  1200  1300  UOO  1500  1600 

ENGINE  SPEED,  RPM 


FIGURE  4.  DISTANCE  OF  MASS  ALONG  ROD  VERSUS 
ENGINE  SPEED  FOR  "ZERO"  DEFLECTION 

B.  Engine  Instrumentation 

For  the  installation  of  the  engine  instrumentation,  several  modifications  of 
the  cylinder  head  had  to  be  made.  The  modifications  Included  installation 
of  a  pressure  transducer  and  a  deposit  probe,  within  the  physical  restric¬ 
tions  of  the  combustion  chamber  area.  Consultation  with  researchers  at 
General  Motors  Corporation,  who  had  previously  instrumented  a  DD3-53  head, 
helped  place  the  pressure  transducer  and  deposit  probe  where  they  would  not 
interfere  with  engine  functions. 

The  pressure  transducer  io  a  water-cooled  piezoelectric-type  transducer, 
with  its  output  going  to  a  charge  amplifier.  The  charge  amplifier  output 


signal  is  than  an  input  to  the  data  acquisition  system.  The  transducer 
itself  has  been  coated  and  calibrated  as  described  in  the  literature  on  the 
subject  of  cylinder  pressure  measurement^),  The  most  important  aspect  of 
pressure  measurement  is  the  accurate  phasing  of  the  cylinder  pressure  with 
top  deed  center  (TDC).  This  was  accomplished  by  locating  TDC  of  the  crank- 
throw  (2),  then  phasing  the  optical  shaft  encodar  marker  pulsa  to  coincide 
with  the  Ti)C  marker.  The  optical  shaft  encoder  was  used  to  trigger  the 
analog-to-digltal  (A/0)  converter,  so  that  synchronous  channels  of  data 
could  be  taken.  By  minutely  adjusting  the  shaft  encoder,  and  examining  log 
pressure-log  volume  plots,  correct  cylinder  pressure  phasing  was  accomp¬ 
lished  . 

The  deposit  probe  consists  of  a  central  electrode,  electrically  Insulated 
from  an  outer  cylinder.  The  probe  is  mounted  in  such  a  way  that  the  elec¬ 
trodes  ars  flush  with  the  combustion  chamber  surface.  Two  different  modea 
of  operation  will  be  tested.  In  one  method,  the  change  in  electrical  resis¬ 
tance  with  time  between  the  Renter  electrode  and  the  outer  cylinder  will  be 
measured.  In  the  other  method,  a  potential  will  be  Induced  between  the 
electrodes  and  the  change  in  current  through  the  gap  will  be  measured  as  a 
function  of  time.  In  either  case,  the  changes  which  will  be  observed  will 
be  due  to  deposit  formation  in  the  gap  between  the  electrodes.  Selection  of 
the  appropriate  method  will  be  based  on  the  sensitivity  and  noise  associated 
with  each  one.  At  this  point,  a  selection  of  the  method  of  deposit  measure¬ 
ment  has  not  yet  been  made. 

The  measurement  of  Instantaneous  torque  is  to  be  used  to  calculate  instan¬ 
taneous  brake  horsepower.  The  torque  is  to  be  measured  with  an  in-line 
torquo  meter  coupled  In  the  driveline  between  the  engine  and  dynamometer. 
The  torque  meter  consists  of  a  shaft  instrumented  with  strain  gauges.  The 
output  from  the  torque  meter  is  fed  to  a  strain  gauge  amplifier  which  has  a 
±10  volts  direct  current  (VDC)  output  which  serves  as  an  input  to  the  data 
acquisition  system.  Along  with  the  torque,  an  instantaneous  measure  of 
engine  epaed  is  needed  to  calculate  the  brake  horsepower.  A  sawtooth  wave¬ 
form  of  known  amplitude  and  frequency  can  be  used  as  an  input  to  calculate 
an  instantaneous  engine  speed.  By  measuring  the  voltage  differential 


between  consecutive  data  points  which  lie  on  the  sawtooth  wave,  real  tine 
can  be  calculated  from  which  an  engine  speed  can  be  computed. 

The  instantaneous  mess  fuel  flow  rate  was  attempted  as  the  final  input 
channel  to  the  A/D  converter.  A  literature  survey  revealed  that  in  previous 
work,  the  maes  fuel  flow  rate  could  be  measured  by  modifying  a  unit  injactor 
to  accept  a  strain  gage  (3),  The  strain  gage,  bonded  to  the  injector  tip, 
le  used  to  measure  the  hoop  stress,  which  ie  proportional  to  the  fuel  pres¬ 
sure  In  the  injector  tip.  By  ueing  the  strain  gage  as  the  active  leg  of  a 
Wheatstone  bridge,  a  method  was  proposed  for  in  situ  calibration  in  the 
operating  engine.  In  situ  calibration  is  necessary  because  the  instantan¬ 
eous  fuel  flow  rate  is  a  function  of  the  instantaneous  pressure  drop  across 
the  injector  tip  spray  holes.  As  part  of  the  calibration,  an  electronic 
weigh  scale  with  digital  readout  was  acquired  to  give  an  Integrated  mass 
fuel  flow  rate  upon  which  the  instantaneous  flow  rate  is  based.  Reoccurring 
problems  with  the  durability  of  the  strain  gage  under  the  high  heat  and 
pressures  at  the  unit  Injector  tip  made  the  calibration  of  the  instantaneous 
mass  fuel  flow  rate  impossible.  Additional  problems  with  this  method  in¬ 
cluded  the  seal  between  the  Injector  and  its  tube  because  of  the  wires  to 
the  strain  gage,  the  durability  of  the  wires  eomlng  from  the  strain  gage, 
and  noise  due  to  the  grounding  of  the  strain  gage  and  wires  to  the  engine. 
The  absence  of  the  mass  fuel  flow  rate  data  also  meant  that  injection  timing 
could  not  be  acquired  due  to  the  lack  of  needle  lift  and  line  pressure  data. 
The  unit  injector  construction  does  not  allow  for  the  inclusion  of  a  needle 
lift  or  line  pressure  transducer;  therefore,  a  different  approach  will  have 
to  be  developed  in  order  to  acquire  injection  timing  and  rate  data. 

Various  other  instruments  are  being  used  for  the  support  of  engine  opera¬ 
tion.  A  vortex  shedding  flowmeter  is  being  used  to  monitor  the  Intake  air 
flow  rate.  The  flowmeter  has  a  TTL  (Transistor  Transistor  Logic)  pulse 
train  output  with  a  frequency  that  is  linearly  proportional  to  the  flow 
rate.  The  flow  rate  is  monitored  with  a  digital  frequency  counter  to  give 
an  account  of  the  approximate  amount  of  air  used  by  the  engine.  Because  the 
engine  operates  on  a  port  scavenged  two-Btroke  cycle,  the  air  flow  cannot  be 
used  to  calculate  the  air-fuel  ratio  of  the  operating  engine  since  the 
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engine  tranafere  euoatantially  more  air  through  the  engine  than  is  actually 
used  for  combustion. 

The  engine  is  loaded  using  a  93.3  kW  (125  hp)  universal  eddy  current  dynamo¬ 
meter.  An  electronic  load  cell  la  attached  via  a  torque  arm  to  the  dynamo¬ 
meter  to  measure  the  brake  torque.  The  output  of  the  load  cell  is  monitored 
with  e  digital  load  readout  calibrated  to  f t-lb  of  torque.  The  engine  apeed 
ia  monitored  with  a  60-tooth  gear,  magnetic  pickup,  and  digital  frequency 
counter.  A  dynamometer  controller  la  used  to  provide  either  apeed  or  load 
control* 

Various  temperatures  and  pressures  are  monitored  to  establish  stabilised 
engine  operating  conditions.  Table  1  lists  the  various  engine  parameters 
that  are  measured.  A  list  of  the  instrumentation  used  in  the  facility  is 
presented  in  Appendix  A.  Photographs  of  the  research  engine  and  the  instru¬ 
mentation  control  panel  are  also  presented  in  Appendix  A. 


TABLE  1.  ENGINE  PARAMETERS 


Pressures 

Oil,  psl 
Fuel,  psl 
Airbox,  in.  Hg 
Exhaust,  in.  Hg 


Temperatures 

Water  In,  *F 
Water  Out,  *F 
Fuel,  *F 
Oil  In,  *F 
Oil  Sump,  *F 
Airbox,  *F 
Exhaust,  *F 
Intake  Air,  *F 


The  proper  Interfacing  of  the  instrumentation  to  the  data  acquisition  system 
was  critical  in  developing  the  fuels  combustion/ Ignition  facility.  Tha 
proper  grounding  and  shielding  techniques  were  required  to  ensure  that 
ground  loops  were  avoided  when  tha  Instrumentation  was  interfaced  to  the 
computer.  Due  to  the  sensitivity  of  the  transducers  and  amplifiers,  and  the 
high  rate  of  data  acquisition,  electrical  noise  could  alter  the  true  read¬ 
ings  significantly.  This  avoidance  of  extraneous  noise  on  the  inputs  to  the 
A/D  converter  is  important  in  determining  the  accuracy  of  tha  data.  Appen¬ 
dix  B  contains  the  wiring  diagrams  for  the  instrumentation  and  computer 
interfacing. 
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C.  CALO-Data  Acquisition  System 


A  high-speed  date  acquisition  system  was  acquired  for  the  analysis  of  com¬ 
bustion/ignition  fuel  property  related  effectB.  The  CALO  system  was  based 
on  an  existing  system  In  operation  at  Southwest  Research  Institute,  so  that 
existing  software  could  bs  used  to  eliminate  development  time.  A  controlled 
environment  room  was  built  in  the  engine  lab,  In  order  to  house  the  system. 
The  room  contains  an  air  conditioner,  which  recirculates  the  air,  to  main¬ 
tain  the  room  in  the  proper  temperature  range  for  computer  operation.  An 
electrostatic  precipitator  is  used  to  remove  the  dust  and  dirt  particles 
present  In  incoming  fresh  air. 

The  CALO  data  acquisition  system  consists  of  a  digital  computer,  a  disc 
drive  and  controller,  a  system  console,  a  printer-plotter,  a  four-channel 
A/D  converter,  and  associated  software.  The  computer  is  a  disc-based  unit, 
and  has  256  Kbytes  of  resident  main  memory.  The  computer  communicates  to 
the  disc  through  a  dual  channel  port  controller  (DCPC)  interface.  The  DCPC 
interface  allows  the  computer  to  read  and  write  directly  into  main  memory 
for  data  acquisition  and  disc  access.  The  disc,  which  is  the  maos  storage 
device  for  the  system,  has  19.6  Mbytes  of  available  memory,  and  is  inter¬ 
faced  to  the  computer  through  the  disc  controller. 

The  access  to  the  computer  is  provided  by  the  system  console.  Through  the 
system  console,  the  system  status  is  monitored,  and  programs  can  bs  de¬ 
veloped  and  executed.  The  console  Is  a  CRT  terminal  with  graphics  capa¬ 
bility  and  mlnltape  drives.  An  IEEE  486  Interface  bus  connects  a  dot  matrix 
printer-plotter  to  the  terminal  for  screen  copy  capability  in  both  the 
graphics  and  alphanumeric  modes.  The  printer-plotter  is  also  set  up  to  be 
used  as  the  system  printer, 

The  unique  component  of  the  CALO  System  is  the  high-speed  A/D  converter. 
The  A/D  converter  has  the  capability  of  sampling  data  at  a  maximum  conver¬ 
sion  rate  of  200  kHz,  with  a  resolution  of  12  binary  bits  and  sign.  The 
converter  has  filtering  frequencies  ranging  from  20  kHz  to  wide  band  across 
the  four  channels,  A  special  feature  is  simultaneous  sample  and  hold,  which 
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•Hows  for  the  simultaneous  acquisition  of  up  to  four  channels  of  data 
aynchronoua  with  the  clocking  signal.  The  clock  signal  can  be  Internal,  or 
an  external  clock  pacer  can  be  enabled.  For  the  combustion/ ignition  facili¬ 
ty,  the  A/D  converter  is  clocked  by  the  shaft  encoder  in  one-degree  crank¬ 
shaft  increment a,  A  special  interface  is  used  for  compatibility  with  the 
computers  I/O  buffer. 

The  software  that  is  associated  with  tha  CALO  system  is  the  operating  system 
software,  the  special  function  utility  programs,  and  the  data  acquisition/ 
application  programs.  Tha  operating  system  is  of  the  file  manager  type, 
which  is  accessed  in  a  session  monitor  mode.  The  session  monitor  has  an 
account  system  which  keeps  track  of  system  connect  time  and  CPU  (central 
proceaslng  unit)  usage.  Tha  file  manager  ia  a  program  which  allows  proce¬ 
dure  files  to  ba  built  and  executed.  It  also  performs  tha  scheduling  of 
programs  and  performance  of  other  system  functions.  Included  in  tha  system 
la  an  interactive  editor,  a  program  which  la  used  to  create  and/or  modify 
programs  and  files.  The  CALO  aye tern  has  a  FORTRAN  IV  compiler  to  convert 
FORTRAN  source  code  into  relocatable  binary  files.  A  loader  then  is  used  to 
convert  the  relocatables  into  a  memory  image  module.  Once  the  program  la 
loaded,  it  can  ba  saved  and  executed  by  the  file  manager. 

Included  in  tha  utility  programs  la  tha  aoftware  which  controls  tha  func¬ 
tioning  of  the  Distributed  Systems  (DS)  link.  The  DS  link  allows  inter¬ 
active  acceas  to  a  remote  computer,  thua  forming  a  computer-to-computar  com¬ 
munication  path.  The  other  computer  la  an  SwRI-owned  machine  that  has  a 
magnetic  tape  drive  unit  available  for  mass  data  storage.  The  main  purpose 
of  the  DS  aoftware  and  link  will  be  for  transferring  raw  data  to  the  remote 
computer  for  proceaslng,  saving  data  for  future  reference,  and  for  system 
backups  on  magnetic  tape. 

The  data  acquiaitlon/application  programs  lncluda  special  software  drivers 
for  operating  the  A/D  converter,  and  the  programs  written  at  Southwest 
Research  Institute  for  data  manipulation.  The  drivers  control  the  inter¬ 
facing  between  the  computer  and  A/D  converter  so  that  analog  data  can  be 
acquired,  digitised,  and  written  to  the  computer  disk  for  storage .  A  con- 
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trol  file  program  is  used  to  creats  a  control  file,  which  is  used  by  the 
high-speed  system  programs  for  the  collection,  separation,  manipulation,  and 
display  of  high-speed  data.  The  program  which  is  used  for  data  collection 
is  executed  by  a  transfer  file.  This  program  uses  the  parameters  In  the 
control  file  for  the  data  acquisition,  such  as;  number  of  cycles,  data 
polnts/cycla,  expected  clocking  rate,  etc.  This  program  then  schedules  the 
date  separation  and  program  execution  phases  of  the  data  acquisition  pro¬ 
cess,  When  the  data  collection  program  Is  executing,  all  other  computer 
activity  must  be  suspended,  and  all  other  programs  displaced  from  main 
memory. 

The  data  separation  program  separates  the  raw  data  into  separate  files  for 
each  channel,  then  schedules  the  data  manipulation  programs  which  modify  the 
data  according  to  the  parameters  contained  in  the  control  file,  TVo  appli¬ 
cation  programs  can  be  scheduled,  the  first  will  input  a  number  of  cycles  of 
data  and  output  an  averaged  engine  cycle  and;  if  required,  the  standard 
deviation  at  e.\ch  .rankangle.  This  application  program  creates  the  average 
cycle  by  computing  the  mean  of  the  values  that  occurred  at  each  crank  angle 
increment.  The  second  program  accesses  a  file  containing  a  number  of  engine 
cycles  of  data,  and  produces  a  file  containing  the  minimum,  mean  and  maximum 
value  of  each  cycle  and  each  channel.  When  the  application  programs  are 
completed,  the  transfer  file  is  terminated,  end  the  data  reduction  programs 
can  be  used  to  access  the  binary  data  f  ilea  and  convert  them  into  decimal 
real  numbers  for  performance  comparisons. 

D,  Data  Analysis 

After  the  data  have  been  manipulated  and  separated  into  voltage  data  files, 
which  takes  approximately  2  minutes  of  processing  time  for  100  cycles  of  360 
point  data  cycles,  data  reduction  programs  can  be  used  to  determine  if  the 
deta  is  good.  The  typical  procedure  la  to  warm  the  engine  up  to  the  pre¬ 
determined  operating  temperatures,  then  take  100  cycles  of  data  in  a  hot 
motoring  mode,  l.e.,  with  rack  fully  closed,  the  engine  hot  and  being  driven 
by  the  dynamometer.  After  the  data  is  separated,  the  operator  schedules  a 
program  to  examine  the  data  and  calculate  a  pressure  adjustment  based  on 
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absolute  alrbox  pressure  at  bottom  dead  center  (BDC).  When  the  pressure 
adjustment  is  calculated,  the  program  la  exited,  and  a  program  which  will 
produce  log  pressure-log  volume  plots  Is  scheduled.  By  knowing  the  calcu¬ 
lated  pressure  adjustment,  the  correct  pressure-crankangle  phasing  can  be 
found  by  examining  the  peculiarities  of  the  log  P-log  V  plots.  Typically 
once  the  pressure-crankangle  offset  Is  found,  It  will  not  vary  unless  the 
shaft  encoder  has  changed  in  its  phasing  with  top  dead  center  (TDC);  however 
ee  e  precaution,  this  procedure  is  repeated  before  each  set  of  data  is 
taken.  Once  the  operator  is  satisfied  with  the  phasing  data,  firing  cycles 
(rack  open  and  combustion  taking  place)  can  be  acquired  with  the  test  and 
base  fuels.  The  turn-around  time  In  taking  the  data,  and  examining  it,  Is 
approximately  5  minutes  for  100  cycles  of  360  point  data  cycles.  A  more 
detailed  explanation  of  the  programs  for  data  analysis  follows. 

The  analysis  of  pressure  data  can  reveal  valuable  information  about  the 
combustion  characteristics  of  a  fuel.  Several  of  the  data  reduction  pro¬ 
grams  available  are  for  the  analysis  of  pressure  date.  The  pressure-time 
dlegrams  are  plotted  by  a  program,  which  locates  peak  pressures,  calculates 
mean  effective  pressures,  calculates  indicated  horsepower,  calculates  a 
preeaura  adjustment  (based  on  alrbox  reference  pressure  at  BDC),  and  allows 
the  pressure  offset  to  be  varied  for  proper  crankangle  phasing.  An  example 
of  pressure  time  diagrams  for  motoring  and  firing  cycles  is  shown  In  Figure 
3,  The  slashes  locate  valve  and  port  openings  and  closinga.  The  program, 
which  produces  pressure-volume,  log  pressure-log  volume  diagrams ,  is  a  very 
useful  tool  for  analysing  motoring  and  firing  pressure  data.  With  a  motor¬ 
ing  trace,  proper  phasing  between  the  pressure  signal  and  engine  TDC  can  be 
monitored  by  examining  the  slops  of  the  polytropic  compression  process  on  a 
log  P-log  V  plot.  Since  the  compression  process  is  polytropic,  PVn  -  Con¬ 
stant,  on  a  logarithmic  scale  the  slope  of  the  line  should  be  equal  to  -n. 

The  polytropic  exponent,  n,  generally  varies  between  1.24  and  1.35  for 
motored  engine  data.  Incorrect  phasing,  incorrect  pressure  referencing,  or 
a  nonlinear  pressure  transducer  can  all  be  determined  from  the  abnormalities 
present  in  the  hot  motoring  log  P-log  V  diagrams.  Figures  6,  7,  and  8  are 
examples  of  the  effects  pressure  phasing  has  on  the  shape  of  the  diagrams. 

Figure  6  is  a  proparly  phased  pressure  signal  of  a  hot  motoring  trace, 
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FIGURE  3.  HOT  MOTORING  AND  FIRING  PRESSURE 
TRACES,  AVERAGE  OF  100  CYCLES 
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indicated  by  maximum  praaaure  occurring  near  TDC  or  minimum  volume.  The 
maximum  preeeure  point  of  a  motored  engine  occurs  slightly  before  TDC  be¬ 
cause  of  the  effect  of  heat  transfer  from  the  working  fluid  (l.e.t  the 

Intake  air).  Figure  7  is  an  example  of  a  pressure  signal  advanced  one 

degree  with  respect  to  engine  TDC,  the  peak  pressure  is  occurring  slightly 

before  TDC.  Figure  8  la  an  example  of  a  signal  retarded  by  one  crankangle 

degree;  the  maximum  pressure  is  seen  to  occur  slightly  after  engine  TDC. 
Figure  9  shows  an  example  of  log  P-log  v  diagrams  for  the  three  cases  of 
crankangla  phasing  for  an  engine  firing  cycle,  while  Figure  10  shows  axam- 
plss  of  pressure-volume  diagrams  for  hot  motoring  and  firing  cycles.  The 
compression  and  expansion  lines  do  not  coincide  on  the  hot  motoring  traces 
due  to  heat  transfer  from  the  working  fluid  to  the  cylinder  wells  and  cool¬ 
ing  Jacket.  The  straightness  of  the  lines  on  the  lop  P-log  V  plot  is  also 
useful  for  determining  the  kind  of  error  present.  Incorrect  pressure  refer¬ 
encing  and  a  nonlinear  transducer  will  show  up  as  a  curvature  In  the  line 
during  the  compression  and  expansion  process.  K  program  was  developed  to 
calculate  rate  of  heat  release  and  cumulative  heat  release  from  cylinder 
pressure  data  for  an  engine  firing  cycle.  The  rate  of  heat  release  and 
cumulative  heat  release  are  affective  tools  for  measuring  combustion  charac¬ 
teristics  of  various  fuels.  The  heat  release  calculations  and  diagrams  ere 
sensitive  to  changes  in  ignition  delay,  rate  of  pressure  rise,  maximum 
cylinder  pressure,  and  injection  timing.  By  comparing  the  magnitudes, 
shapes,  duration,  and  crankangla  phasing  of  the  heat  release  data,  the 
combustion  characteristics  of  various  fuels  can  be  determined.  Provisions 
have  been  made  in  ths  heat  release  program  to  calculate  the  centroid  of  the 
heat  release  diagram  to  obtain  a  quantitative  comparison  of  fuel-related 
combustion  effects.  The  centroid  of  a  heat  release  diagram  is  a  geometric 
concept  expressing  the  center  of  area  bounded  by  the  instantaneous  heat 
release  curve.  The  centroid  has  two  components,  the  phasing! 

_  „  /8  Q  de 
0  /  Q  de 

where : 
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6  -  phasing  of  centroid,  degrees 
6  -  crankangle,  degrees 

Q  »  instantaneous  heat  release  at  angle  6,  Btu/degrees 

and  the  magnitude: 

-  -  _  /.» 5  Q2  d  9 

Q  /  Q  d  0 

where : 

Q  «  magnitude  of  centroid,  Btu/degrees 
Q  ■  Instantaneous  heat  release,  Btu/degrees 

which  are  sensitive  to  the  effects  the  chemical  and  physical  delays  have  on 
the  Instantaneous  heat  release  curve.  The  sensitivity  of  the  phasing  and 
magnitude  of  the  centroid,  to  fuel  property  changes,  will  be  used  to  corre¬ 
late  combustion  characteristics  of  various  alternative/synthetic  fuels.  By 
examining  the  phasing  of '  the  centroid  to  injection  and  Ignition  events,  a 
better  understanding  of  what  fuel  properties  effect  combustion  could  be 
acquired.  The  magnitude  can  help  determine  any  increase/decrease  in  com¬ 
bustion  efficiency,  and  helps  characterise  the  region  of  main  burning  on  the 
Instantaneous  heat  release  diagram.  Figure  11  is  an  example  of  the  rate  of 
heat  release  and  cumulative  heat  release  plots.  Several  Important  areas  of 
the  plot  are  indicated.  Figure  12  is  a  plot  of  the  derivative  of  pressure 
versus  crankangle.  The  dependence  of  the  heat  release  on  cylinder  pressure 
and  its  derivatives  is  visible  when  the  figures  are  compared.  Therefore,  it 
is  expected  that  any  fuel  properties  which  have  an  effect  on  the  cylinder 
pressure  will  also  affect  the  heat  release  data. 

The  calculation  of  the  rate  of  heat  release  assumes  that  all  of  the  heat 
released  from  the  combustion  of  the  fuel  1b  reflected  by  the  increase  in 
cylinder  pressure.  However,  this  is  not  the  case,  since  heat  is  lost  to  the 
cylinder  walle  through  heat  tranafer.  The  resulting  calculated  heat  release 
ia  thus  the  net,  after  such  ss  yet  unaccounted  for  losses.  As  a  result,  the 
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FIGURE  9.  EFFECT  OF  CRANKANGLE  PHASING  ON  A  FIRING 
CYCLE;  1000  RPM,  51.4  FT-LB,  LOG  P-LOG  V 
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heat  supplied  by  the  fuel  will  not  be  fully  accounted  for  by  the  cumulative 
heat  release  calculation*  This  error  In  the  heat  balance  will  be  monitored 
in  future  work,  with  the  objectives  of  attempting  to  detect  differences  in 
heat  transfer  due  to  fuel  effects,  and  to  develop  a  heat  transfer  model  to 
help  account  for  the  losses, 

CALO  data  acquisition  system  specifications  era  shown  in  Appendix  C,  while 
the  equations  used  to  calculate  performance  variables  are  located  In  Appen¬ 
dix  D. 


III.  CONCLUSIONS 

The  combustion  data  acquisition  system,  along  with  the  associated  pressure 
analysis  software,  has  bean  Installed  and  checked  successfully. 

The  time  from  the  initiation  of  the  data  acquisition  process  to  the  presen¬ 
tation  of  the  data  on  the  terminal  for  the  test  engineer  is  approximately  2 
■inutee.  This  rapid  analysis  capability  will  significantly  reduce  the  costs 
aasociated  with  combustion  analysis  by  reducing  both  waiting  time,  fuel 
costs,  and  delays  in  determining  the  need  for  repeat  tests. 

The  system  accuracy  has  been  shown  to  be  sufficient  to  quantltlse  differ¬ 
ences  in  the  combustion  performance  due  to  minor  variations  in  fuel  compo¬ 
sition.  The  basic  resolution  of  the  digitiser  is  0.083  percent.  Repeat¬ 
ability  of  preasure  maaauramanta  is  such  that  differences  of  1.5  percent  can 
be  resolved  with  95  percent  confideuce, 

IV.  RECOMMENDATIONS 

f 

The  CALO  data  acquisition  system  was  designed  as  a  useful  tool  for  examining 
combustion  data.  It  is  recommended  that  provisions  be  made  to  further 
utilise  its  capabilities  in  the  development  of  future  mobility  fuels.  The 
systems  flexibility  will  make  it  useful  for  interfacing  to  other  test  cells 
in  order  to  examine  test  fuels  in  different  engine  and  combustion  chamber 
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configurations.  Software  and  hardware  enhancements  should  also  be  continued 
in  order  to  achieve  the  state-of-the-art  technology  required  in  the  analysis 
of  high-speed  combustion  data.  Software  enhancements  should  include  opera¬ 
ting  systsm  upgrades,  application  program  refinements,  and  provisions  for 
heat  transfer  calculations  to  develop  a  more  accurate  burning  rate  model. 
Hardware  enhancements  should  provide  for  a  reliable  method  to  determine 
injection  rate  data,  in  order  to  batter  understand  fuel  property  affects  on 
diesel  engine  performance. 
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ENGINE  INSTRUMENTATION 


AVL 

Klstler 

Labov 

Vishey 

Deytronica 

GSE 

BLH 

Doric 

RLC 

DIGALOG 

DIGALOG 

Wallace  &  Tiernan 
Neptune/Eaatech 
Hewlett-Packard 
Trump- Roae 
La ads  &  Northrup 


modal  12QP-300cvk 

modal  S04E 

modal  I10SM-SK 

modal  2310 

modal  300D 

modal  613 

modal  U1 

modal  420 

modal  DXTAX  IX 

modal  Db-Al 

modal  DL-M1 

modal  Q1A-18-0100 

modal  2120 

modal  3300A 

modal  T-0360-D13M-5D5 

modal  177304 


plaaoalactrlc  proa aura  tranaducar 
charga  amplifier 
ln-llaa  torqua  matar 
atraln-gauga  ampllflar 
strain-gauge  ampllflar 
veigh-acala  ayatam 
300-lb  load  call 
tranaducar  Indicator  (load) 
digital  tachometer 
dynamometer  controller 
motoring  option 

absolute  praasura  gaga  (In,  Hg) 
vortex-ehedding  flowmeter 
measuring  ayatam  (Ha) 
optical  shaft  ancodar 
24-input  thermocouple  recorder 


HP  1000E  (CALO)  I/O  PORTS 


Port  No. 

Description 

25 

Jumper 

24 

Jumper 

23 

Jumper 

22 

Jumper 

21 

Jumper 

20 

Jumper 

17 

Jumper 

16 

Jumper 

15 

Distributed  Systems  Interfece  Card 
Female  Direct  Connect  5061-4908-cable 

14 

BACX  12966A  Asynchronous  Data  Interface 
12966-60008-cable 

13 

93596-60018  HS  ADC  HI  SC 
93596-60017-cable 

12 

12566B-002  +True  IN/OUT  Preston  ADC 
93596-60017-cable 

11 

2100  Interface-Disc  Controller 
13037-60030-cable 

10 

Time  Base  Generator 
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HP  part  no.  12823-90001  Sept.  1980 


HP  12966A  Buffered  Asynchronous  Data 
Communications  Interface  to  HP2648 
Terminal*  CALO  data  system,  port  no.  14 


InUihc*  Ubl.  (He  2B4X  T.rmlnbl),  p«n  no,  l2»a8  9000B,  Wirt  Lint 
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HP  12966A  Buffered  Asynchronous  Data  Communications 
Interface  Installation,  Service,  and  Reference  Manual 
HP  port  no.  12966-90001  Jan,  1979 
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Interface  from  Praaton  ADC  to  CALO 
data  syatem  I/O  porta  nola  12  and  13 


REF  E 


Supplamant  tot  HP  93396L  Praaton  A/D  converter 
operating  and  aervlce  manual 
aupplement  Part  Ho,  93596-90020,  May  1980 

38 


. . 


noth;  *  THE  WHITE  L £ ftD  OF  EACH  TWISTED  PAIR  IS  CONNECTED  TO  THE  PIN  AFTER  THE  SLASH 
OH  CONNECTOR  CIO  AND  BUSSED  TOGETHER  ANO  CONNECTED  TO  PINS  24/BB  AT  CONNECTOR  A, 


•*  PINS  CONNECTED  TOGETHER  ON  PCA,  LETTER  HOOD  "PRESTON  ADC” 


»«»  UNUSED  DATA  BITS  APE  GROUNDED  IN  I/O  CONNECTOR  HOOD  AS  REOUIRED, 


1.  CABLE  9 3 5 9 6 - 600 1 7  CONNECTOR  0  HAS  ADDITIONAL  HIRING,  SEE  FIGURE  4-3 

2,  TWO  PAIRS  IN  CABLE  ARE  SPARE;  FOLDED  BACK  AND  INSULATED. 

Revised:  May  1980 

Supplement  to:  UP  93596L  Preston  A/D  Converter 
Operating  and  Service  Manual 
Supplement  Part  No.  93596-90020,  May  1980 
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Interface  to  CALO  data  system 
I/O  port  no.  13 
digital  input  to  CALO 


NOTE  THAT  THIS 
DIAGRAM  SHOWS 
PARTIAL  WIRING  FOR 
CABLE 

93596-60017 


$  *TO«  NO.  *120-9086 


120  -  Inch**- 


.-Os-pin, 


CanMHaTl  ,n°-r  i  n ,  I/O  CONN. 

COMIMMr  BL  /  r0R  USE  WITH 
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C*m 
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1  QL. 


(KXI: 


()]  (PART  OF  CONN.  REF  0) 
(SEE  NOTE  1) 


21LA. 
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»l»h  on  CONNECTOR  0,  bu»*d  tog»th*r  i»  r«puir*d. ind  conntcttd  to  n**r»*t  around 
j  pin(t)  on  CONN  B.  H«rlt  Hood  "B"  this  DWG  "HS  ADC  HI  SC _ 


1.  Addition*!  wiring  on  this  connector,  i«t  flguro  4-2, 

2.  All  ilgnili  »r#  ground  tru*  thii  PCA  only.  (Poi.  logic  convention). 
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Revised;  May  1980 

Supplement  tos  HP  93596L  Preston  A/D 
Converter  Operating  and  Service  Manual 
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Interface  to  DIbc  Controller  from 
CALO  data  system.  I/O  port  no.  11 


Interface  PC  A/Control  ter  Signals 


•IONAL 

DRtommoN 

CLEAR 

This  signal  la  generated  by  passing  the  computer's  Power-On  Preset  I/O  (POPIO)  signal  to 
the  controller  whenever  the  preset  lumper  (see  paragraph  3-4)  Is  set  to  enable.  The  Clear 
signal  resets  the  controller  to  Ha  power-on  state.  It  all  Intertaoes  can  generate  this  signal, 
operation  ot  other  Intertaoes  may  be  affeotad.  For  this  reason,  the  Clear  signal  can  be 
disabled  on  any  or  all  intertaoes  by  setting  the  preset  lumper  to  disable. 

IBUSO-15 

Intertaoe  Bus.  Sixteen  bit  bl-directlonal  data  bus  used  to  transmit  all  data  Information  between 
the  Interlace  and  controller. 

ENID 

Enable  Interlace  Drivers.  Allows  intertaoe  drivers  to  plaee  data  on  IBU8  lor  transmission  to 
the  controller.  Interlace  must  have  been  previously  selected. 

ENIR 

Enable  Intertaoe  Reeslvers,  Enables  reception  ot  data  from  IBU3  on  the  intertaoe. 

IFN0-3 

Interlace  Function  Bus.  Four-bit  bus  carrying  the  coded  lunotlon  commands  from  the 
controller.  Decoded  functions  are  valid  only  It  the  IFVLD  signal  la  true. 

IFCLK 

Intertaoe  Clock.  Validates  data  and  status  word  transfers  word-by-word. 

IFVLD 

Interface  Function  Valid.  Validates  functions  on  the  Interface  function  bus.  A  function  is  valid 
only  if  this  line  Is  true. 

CMRDY 

Command  Ready.  Held  true  while  a  command  to  the  controller  Is  on  the  Interlace  bus. 
Cleared  by  IFQTC  from  controller.  Intertaoe  must  be  selected. 

DTRDY 

Data  Ready.  Held  true  whenever  the  FIFO  buffer  is  not  empty.  Interface  must  be  selected. 

EOD 

End  of  Data.  True  on  read  whan  DMA  has  completed  a  block  transfer.  True  on  write  when 

DMA  has  completed  a  block  transfer  and  the  FIFO  buffer  Is  empty.  Intertaoe  must  be 
selected.  Cleared  by  CLCSC  from  computer. 

OVRUN 

Read  Overrun.  True  If  the  data  buffer  FIFO  Is  full  and  the  controller  or  the  computer  tries  to 
send  another  word  or  true  II  the  data  buffer  FIFO  Is  empty  and  controller  or  computer  attompts 
to  fetch  a  word.  Interface  must  bs  selected.  Cleared  by  CLCSC  from  computer. 

INTOK 

Interrupt  OK.  True  If  Interlace  is  selected  and  the  control  bit  is  set. 

Installation  and  service  manual 
13175/13178  Disc  Controller  Interface  kits 
Manual  part  no.  13037-90015,  Feb  1980 
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Interface  to  Disc  Controller  from 
CALO  data  system.  I/O  port  no.  11 
continued 


Interfkce  PCA  Connector  J1  Device  Controller  PCA  Connector  IPJ1 

Pin  Alignments  Pin  Alignments 


J1  PIN 

BIQNAL 

J1  PIN 

BIQNAL 

ifji  pm 

BIQNAL 

IFJI  PIN 

BIQNAL 

OND 

1 

QND 

i 

+8V 

+  6V 

IFN2 

IFN0 

H 

IFN0 

H 

IFN2 

C 

IFN3 

IFNI 

1 

D 

IFNI 

B 

IFN3 

D 

I0US4 

NOT  U8ED 

■ 

NOT  U8ED 

As 

IBU84 

n 

IBUS5 

CMRDY 

■1 

CMRDY 

10 
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mm 

IBU86 

EOD 

EOD 

12 
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H 

IBU87 

IFVLD 

13 

IFVLD 

14 

IBU87 

J 

QND 

■  1 

NOT  USED 

16 

QND 

16 

QND 

K 

QND 

1  1 

QND 

17 

NOT  U8ED 

16 

NOT  U8ED 

L 

QND 

10 

QND 

19 

QND 

20 

QND 

M 

QND 

11 
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21 
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22 

+  6V 

N 

QND 

12 
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23 
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24 

NOT  U8ED 

a 

QND 

13 
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26 
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n 

NOT  U8ED 

H 
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14 

IBU83 

27 
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s 

INTOK 

16 

ENID 

29 

ENID 

30 

NOT  USED 

T 

+  8 V  from  controller 

16 

IFCLK 

31 

IFCLK 

32 

NOT  USED 

U 

QND 

17 

QND 

33 

QND 

34 

QND 

1 

QND 

18 

QND 

38 

+  6V 

30 

+  6V 

D 
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19 
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37 
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36 
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D 
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20 
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39 
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40 

IBU813 

D 
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21 
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41 
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42 

IBUB14 

1 3. 

IBU815 

22 

IBU811 

43 

IBUS11 

44 

IBUS15 

AA 

OVRUN 

23 

ENIR 

46 

ENIR 

46 

OVRUN 

o 

NOT  USED 

24 

DTRDY 

47 

DTRDY 

48 

INTOK 

■ 

49 

QND 

60 

QND 
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Interface  to  Disc  Controller  from 
CALO  data  syBtem.  I/O  port  no.  11 
continued 


InUrfac*  Cibla  (Part  Numbtra  13037-60039  «nd  13037-60030),  Wiring  Liit 


Installation  and  service  manual 
13175/13178  Disc  Controller  Interface  kits 
Manual  part  no.  13037-90015,  Feb  1980 
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StiMaa . Mil-mat  in  III  -in  fcrtmaHA-Mwr,wiuW«K^ 


WIRE  LIST  NO.  7B692-01 


REPRINT  DATE  10^iS/B0 


PAGE  2 


FROM 


TO 


WIRE  LIST  GMAD-2-13B,  4  CHAN  QMD-1 
4  CHAN  GMM  MUX.  RFL. PROGRAMMABLE  CLOCK 
0  TO  +10  VOLTS  FULL  SCALE. 

P/N  78492-01 


NOTE  UNLES3  OTHERWISE  SPECIFIED 
ALL  WIRE  IS  TO  BE  22  AWQ  WHITE 


NOTE 

01. 

NOTE 

02. 

NOTE 

03. 

NOTE 

04. 

NOTE 

09. 

NOTE 

04. 

NOTE 

07. 

NOTE 

OS. 

TWO  CONDUCTOR  SHIELDED 
RQ  174/U 

FOR  SWITCH  S3 l  8EE  DWG  9299 1 
FOR  FRONT  PANEL  REFERENCE 
DESIGNATIONS  SEE  DWG  93749 
22  AWG  BUSS  WIRE  WITH  TEFLON 
8LEEVIN0  BETWEEN  TERMINALS 
FOR  AC  PWR  WIRING  SEE 
DWG  94B9&-00  $<93401-01 

*  INDICATES  DOUBLE  TAPER  PIN 

*  INDICATES  THE  COMPLEMENT 


CONNECT  TWO  22  AUO  WIRES  FROM  GROUND 
POST  ON  REAR  CONNECTOR  PLATE  TO  B04-02 


GM  ••rias  Analog-to-Digit«l  Conversion  Sy«tem« 
reference  manual,  Praaton  Scientific  Inc,,  Nov,  10,  1980 
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Analog  inputs  to  Preston  ADC 
from  engine  test  cell 


WIRE  LIST  NO.  78698-01  REPRINT  DATE  10/19/80  PAGE  3 


FROM 


CONNECTOR  01  ANALOG  INPUTS  00  TO  03 


MR AC  1B8-J6 
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01 
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H 
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01 
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03 
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01 
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03 

SH 
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01 
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R 
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18 

CM  series  Analog-to-Dlgital  Conversion  Systems 
reference  manual,  Preston  Scientific  Inc,,  Nov.  10,  1980 
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Analog  Input  from  Torque  Sensor  to  Preston  ADC 


Digital  inputs  from  HP1000E  (CALO) 
to  Preston  Hi-Speed  ADC 


MINI  List  NO.  7B49V-01  RIPR1NT  DATS  10/19/B0  PAQI  4 


FROM 


TO 


CONNICTOR  JR  DIQ1TAL  INPUTS  4  CONTROLS 
NR AC  79B-J4 
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P/LMAD  OBBH 

B17 

87 

NOT! 

oa 

ADO  00 

oa 

17 

P/LAND  01 

B17 

01 

NOTI 

oa 

ADD  00 

BH 

oa 

a4 

P/LAND  01BH 

D17 

87 

NOTI 

oa 

ADD  14 

oa 

is 

CONTROL  1 

DIB 

3B 

NOT! 

oa 

ADD  14 

BH 

oa 

B9 

CONTROL  IBM 

BIT 

87 

NOTI 

oa 

COMMAND 

oa 

BO 

COMMAND 

Die 

04 

NOTI 

QQ 

COMMAND 

BH 

oa 

84 

COMMAND  8H 

B17 

87 

NOTI 

oa 

ADD  13 

oa 

at 

CONTROL  fl 

BIS 

33 

NOTI 

oa 

ADD  13 

BH 

oa 

87 

CONTROL  BBH 

B17 

B7 

NOTI 

oa 

ADD  IS 

oa 

ae 

CONTROL  3 

BIB 

OB 

NOTI 

oa 

ADD  ia 

BH 

oa 

34 

CONTROL  OSH 

U 19 

87 

NOTI 

oa 

ADD  11 

oa 

87 

CONTROL  4 

DIB 

01 

NOT! 

oa 

ADD  11 

BH 

oa 

39 

CONTROL  ASM 

D19 

87 

NOTI 

oa 

BLANK 

oa 

30 

DLANK 

BLANK 

oa 

34 

DLANK 

BLANK 

oa 

31 

DLANK 

DLANK 

oa 

37 

DLANK 

ADD  19 

oa 

38 

RIBBT 

B 14 

ao 

NOT! 

oa 

ADD  19 

BH 

oa 

3B 

RIOttT  BH 

1 17 

B7 

NOTI 

oa 

NORN  NODI 

oa 

33 

NORMAL 

A14 

as 

XFNR 

BHLD 

oa 

37 

XFMR  BHLD 

C  IB 

17 

ADD  OB 

oa 

40 

NOT  UBID 

ADD  OS 

BH 

oa 

44 

NOT  UBID 

ADD  07 

oa 

41 

SIM  HOLD  IN 

R14 

03 

NOTI 

oa 

ADD  07 

BH 

oa 

47 

BIN  HOLD  BH 

B 17 

as 

NOTI 

oa 

ADD  10 

oa 

48 

1NT  PAC  IN7II4 

88 

NOTI 

oa 

ADD  10 

BH 

oa 

4B 

I NT  PAC  BH 

917 

87 

NOTI 

OR 

BLANK 

oa 

43 

DLANK 

BLANK 

oa 

47 

ULANK 

BLANK 

oa 

44 

DLANK 

BLANK 

oa 

90 

DLANK 

BLANK 

oa 

49 

DLANK 
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Digital  inputs  from  HP1000F.  (CALO) 
to  Preston  ADC  (cont'd) 


BLANK 

OS 

91 

BLANK 

BLANK 

OS 

98 

BLANK 

BLANK 

OS 

98 

BLANK 

BLANK 

OS 

93 

BLANK 

BLANK 

08 

99 

BLANK 

BLANK 

OS 

94 

BLANK 

BLANK 

OS 

60 

BLANK 

BLANK 

08 

99 

BLANK 

BLANK 

OS 

6S 

BLANK 

BLANK 

OS 

96 

BLANK 

BLANK 

OS 

63 

BLANK 

BLANK 

08 

97 

BLANK 

BLANK 

03 

64 

BLANK 

BLANK 

OS 

69 

BLANK 

BLANK 

OS 

73 

BLANK 

BLANK 

08 

66 

BLANK 

BLANK 

OS 

74 

BLANK 

BLANK 

08 

67 

BLANK 

BLANK 

OS 

79 

BLANK 

BLANK 

08 

70 

BLANK 

BLANK 

OS 

76 

BLANK 

BLANK 

OS 

71 

BLANK 

BLANK 

OS 

77 

BLANK 

BLANK 

OS 

78 

BLANK 

BLANK 

08 

78 

BLANK 

BLANK 

OS 

79 

BLANK 

DIOORD 

08 

80 

DIOORD  B17  89 

DIOORD 

OS 

88 

DIOORD  B17  89 
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Digital  outputs  to  HP1000E  (CALO) 
from  Preston  ADC 


UIRC  HIT  NO.  70693-01  REPRINT  DATS  10/19/00  PA8B  6 


PNOM 


CONNECTOR  J3  DIQ1TAL.  OUTPUTU 
HR AC  79S-J6 


DO 

SION  ♦ 

03 

01 

DB 

BION  4 

AOS 

2B 

NOTE 

OB 

Dl 

SION  +8H 

03 

OB 

OD 

BION  *8H 

AOS 

36 

NQTB 

03 

Dl 

SION  - 

03 

oa 

DB 

BlCN  - 

A03 

37 

NOTE 

03 

01 

SION  - 

■BH 

03 

10 

DB 

BION  - 

'BH 

AOS 

36 

NOTE 

OB 

be 

2040 

03 

03 

DB 

304B 

AOA 

28 

NOTE 

oa 

DO 

3040 

SH 

03 

11 

DB 

2048 

BH 

A04 

36 

NOTE 

oa 

DS 

2040* 

03 

04 

DB 

3048* 

A04 

27 

NOTE 

oa 

Dl 

30. IB* 

BH 

03 

ia 

DB 

3048* 

BH 

AOA 

26 

MOTE 

oa 

Dl 

1024 

03 

09 

DB 

1034 

AOS 

2B 

NOTE 

oa 

Dl 

1024 

GH 

03 

13 

DB 

1034 

BH 

A09 

26- 

NOTE 

oa 

DO 

1024* 

ou 

07 

DB 

1024* 

AO  9 

27 

NOTE 

oa 

DO 

1 024  » 

BH 

03 

14 

DB 

1034* 

BH 

AOS 

26 

NOTE 

oa 

Dl 

913 

03 

19 

DB 

913 

AO  6 

28 

NQTB 

oa 

01 

913 

BH 

03 

aa 

DB 

91  a. 

BH 

A06 

26 

NOTE 

oa 

Dl 

912* 

03 

16 

DB 

9186 

A06 

a7 

NOTE 

oa 

DO 

9ia» 

BH 

03 

33 

DB 

9ta» 

BH 

A06 

26 

NOTE 

03 

Dl 

396 

03 

17 

DB 

296 

A07 

28 

NOTE 

02 

DU 

296 

BH 

03 

24 

DB 

296 

BH 

A07 

26 

NOTE 

03 

DB 

296* 

03 

IB 

DB 

396* 

A07 

37 

NOTE 

oa 

DB 

296* 

BH 

03 

39 

DB 

296* 

BH 

A07 

26 

NOTE 

oa 

DB 

120 

03 

30 

DO 

taa 

AOB 

SB 

NOTE 

03 

DB 

120 

BH 

03 

36 

DB 

1 38 

BH 

AOB 

26 

NOTE 

03 

DB 

120* 

03 

31 

DB 

120* 

AOB 

37 

NOTE 

oa 

Dl 

120* 

BH 

03 

37 

DB 

138* 

BH 

ADD 

36 

NOTE 

oa 

Dl 

64 

03 

2B 

DO 

64 

A09 

2B 

NOTE 

oa 

DO 

64 

SH 

03 

34 

OB 

64 

I 

S3 

A09 

26 

MOTE 

02 

DO 

64  t 

03 

2V 

DB 

64* 

A09 

27 

NOTE 

02 

DB 

64* 

SH 

03 

39 

DB 

64* 

811 

A09 

26 

NOTE, 

oa 

DB 

03 

03 

30 

DO 

33 

A10 

20 

MOTE 

03 

DO 

03 

SH 

03 

36 

DB 

33 

BH 

A10 

26 

MOTE 

oa 

DB 

02* 

03 

31 

Dd 

38* 

A10 

27 

NOTE 

oa 

DB 

02* 

OH 

03 

37 

DO 

38* 

BH 

AIO 

26 

NOTE 

oa 

DO 

16 

03 

33 

DB 

16 

All 

29 

NOTH 

03 

DB 

16 

SH 

03 

oa 

DD 

16 

BH 

All 

36 

NOTE 

03 

DO 

16* 

03 

33 

DD 

16* 

A1  1 

37 

NOTE 

oa 

DO 

16* 

BH 

03 

39 

DB 

16* 

OH 

All 

26 

MOTH 

03 

DB 

oa 

03 

40 

DB 

oa 

A 1  9 

03 

NOTE 

03 

Dl 

on 

SH 

03 

46 

DB 

oa 

BH 

A  1  9 

04 

NOTE 

03 

03 

on* 

03 

41 

DD 

on* 

A19 

07 

NOTE 

G2 

DB 

oa* 

BH 

03 

47 

DB 

on* 

BH 

A 1 9 

04 

NOTE 

03 

Dl 

04 

03 

43 

DD 

04 

A19 

on 

NOTE 

03 

DO 

04 

BH 

03 

4a 

DO 

04 

BH 

A 1  9 

09 

NOTH 

03 

OB 

04* 

03 

43 

Dll 

04* 

A 1  9 

13 

NOTE 

03 

DO 

04* 

BH 

03 

49 

DU 

04* 

DM 

A 1  9 

09 

MO  IE 

03 

DB 

03 

on 

44 

DU 

03 

A 1  9 

13 

NOTH 

03 

DB 

02 

OH 

03 

90 

DU 

03 

UM 

A  1  9 

14 

NOTE 

03 

DB 

02* 

03 

49 

DU 

03* 

A 1  9 

17 

NOTE 

03 
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T  NO.  78652-01  REPRINT  DATE  10/15/00  PAG 


FROM  TO 


DB  02* 

SH 

JO 

31 

DB  02* 

SH 

A13 

14 

NOTE 

02 

DB  01 

JO 

52 

DB  01 

A13 

23 

NOTE 

02 

DB  01 

9H 

JO 

38 

DB  01 

SH 

A13 

19 

NOTE 

02 

DB  01* 

JO 

33 

DB  01* 

A13 

18 

NOTE 

02 

DB  01* 

SH 

J3 

39 

DB  01* 

SH 

A13 

19 

NOTE 

02 

D1G0RD 

JO 

34 

DIQGRD 

A19 

29 

BLANK 

J3 

60 

BLANK 

BLANK 

JO 

33 

BLANK 

BLANK 

J3 

60 

BLANK 

DIQQRD 

JO 

36 

DIQQRD 

A19 

29 

BLANK 

JO 

60 

BLANK 

BLANK 

JO 

37 

BLANK 

BLANK 

JO 

64 

BLANK 

COIN 

J3 

63 

COIN 

A1S 

31 

NOTE 

02 

COIN 

SH 

JO 

73 

COIN 

SH 

A19 

29 

NOTE 

02 

BUSY 

JO 

66 

BUSY 

A16 

IS 

NOTE 

02 

BUSY 

SH 

JO 

74 

BUSY 

SH 

A16 

38 

NOTE 

02 

EOC  * 

JO 

67 

EOC  • 

BIO 

19 

NOTE 

02 

EOC  * 

SH 

J3 

73 

EOC  • 

SH 

BU 

29 

NOTE 

02 

1NTOK  * 

JO 

70 

I NT OH  * 

BIO 

00 

NOTE 

02 

1NTOK  * 

SH 

JO 

76 

I NT OK  * 

BH 

Bll 

29 

NOTE 

02 

CO<XOR)OVR* 

J3 

71 

C0U0R1DVR* 

BIO 

17 

NOTE 

02 

C0tXaR)0VR*3 

JO 

77 

CD ( XOR )QVR*BB 1 1 

29 

NOTE 

02 

DVRUN* 

JO 

72 

OVRUN* 

BIO 

13 

NOTE 

02 

OVRUN* 

SH 

JO 

78 

OVRUN* 

SH 

Bll 

29 

NOTE 

02 

BLANK 

JO 

79 

BLANK 

DIQQRD 

JO 

00 

DIQGRD 

A01 

37 

DIQGRD 

JO 

Q2 

DIQQRD 

A01 

37 
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External  clock  input  to  Preston  ADC 


WIRE  LI  ST  NO,  76652-01  REPRINT  DATE  10/15/80  PAQE  8 


FROM 


TO 


CONNECTOR  J4 

EXT 

CLK  6  CLK  DIVISOR 

INPUTS 

MR AC  349-06 

CDB  16384 

04 

A 

CDB  16364 

B09 

21 

CDB  8192 

04 

B 

CDB  8192 

B09 

18 

CDB  4096 

J  4 

C 

CDB  4096 

B09 

IS 

CDB  2048 

J4 

D 

CDB  2048 

B09 

12 

CDB  1024 

J4 

E 

CDB  1024 

B09 

09 

CDB  512 

J4 

F 

CDB 

512 

B09 

06 

CDB  256 

J4 

H 

CDB 

256 

B09 

03 

CDB  128 

04 

0 

CDB 

128 

Bll 

24 

CDB  64 

J4 

K 

CDB 

64 

Bll 

21 

CDB  32 

04 

L 

CDB 

32 

Bll 

18 

CDB  16 

04 

M 

CDB 

16 

Bll 

15 

CDB  08 

04 

N 

CDB 

08 

Bll 

12 

CDB  04 

04 

F 

CDB 

04 

Bll 

09 

CDB  02 

04 

R 

CDB 

02 

Bll 

06 

CDB  01 

04 

8 

CDB 

01 

Bll 

03 

EXT  CLK  EN 

04 

T 

EXT  CLK  EN 

B09 

24 

BLANK 

04 

U 

BLANK 

EXT  CLK  HI 

04 

V 

EXT  CLK  HI 

B17 

02 

NOTE 

01 

EXT  CLK  LO 

04 

w 

EXT  CLK  LO 

B17 

03 

NOTE 

01 

EXT  CLK  SH 

04 

X 

EXT  CLK  SH 

B17 

29 

NOTE 

01 

BLANK 

04 

Y 

BLANK 

BLANK 

04 

Z 

BLANK 

BLANK 

04 

-A 

BLANK 

BLANK 

04 

-B 

BLANK 

BLANK 

04 

-C 

BLANK 

BLANK 

04 

-D 

BLANK 

BLANK 

04 

-F 

BLANK 

BLANK 

04 

-0 

BLANK 

BLANK 

04 

BLANK 

BLANK 

J4 

-1 

BLANK 

BLANK 

04 

-0 

BLANK 

BLANK 

04 

-K' 

BLANK 

D1QGRD 

04 

-M 

DIQQRD 

B09 

29 

D1Q9RD 

04 

-N 

DIQCRD 

B09 

29 
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External  clock  Input  to  Preston  ADC  (cont'd) 


cowwec tor 

34  Pl*4 


* 

0«N0T»4  WIKI  WOT  <toK5W«rf6  Area  To /V 
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External  clock  input  to  Preston  ADC  (coat'd) 


External  Pacer  Enable  for  Preston  ADC 


WIRE  LIST  NO.  7BAS3-0I  REPRINT  DATE  10/ l S/BO  PAGE  9 


FROM  TO 


CONNECTOR  JS  EXT  PACER  ENABLE  * 

MB3102A— 14B-9P 

EXPACEN*  HI  JS  A  EXPACEN*  HI  BI7  09  NOTE  01 
EXPACEN*  LO  JS  B  EXPACEN*  LO  B17  04  NOTE  01 

EXPACEN*  SH  JS  C  EXPACEN*  BW  Bi7  89  NOTE  01 

BLANK  JS  D  BLANK 

BLANK  JS  E  BLANK 


CONNECTOR  J6  OUTPUT  PACER  BIT 
TROMPETER  BJ-87 

PACER  OUT  JA'C'  PACER  OUT  B14  32  NOTE  OS 
PACER  OUT  BH  J6'B'  PACER  OUT  BHB1I  39  NOTE  03 


Mil  *S-  SioZA  “  I4S-»P 

Ccb)K)tfCTOK  "3* 


juiu^g  r 
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CALO-DATA  ACQUISITION  SPECIFICATIONS 


model  #21 1 3E 
option  014 
nodal  # 1 2786B 
nodal  #129920 
nodal  #7906  MR 
option  020 
nodal  #13758 
nodal  I92068R 
nodal  #125390 
nodal  I12966A 
option  001 
modal  #2649C 
option  007 
option  032 
modal  I13296A 
option  048 
model  #263 1G 
model  I26098A 
option  001 
option  002 
model  #1299 IB 
model  #13306A 
modal  #933875 
option  001 
nodal  #93587T 
model  #933961. 
option  005 
option  008 
option  010 

Praeton  Scientific  GM  aeries  Analog' 
Preston  Scientific  nodal  GMD-1 
Preston  Scientific  model  GNM 
Preston  Scientific  modal  (JMC-RFL 
Pvaston  Scientific  nodal  GMSH-100 
Preston  Scientific  model  (&1ADZ-13B 
Preston  Scientific  Interface  to 

HP93596L 

Praston  Scientific  model  GM-3 


HP1000E  series  computer 
delete  128K  memory 
256  k  byte  menory  nodule 
Loader  ROM 
19.6  Mbyte  Disc 
reck  mount •  for  disc 
Disc  Controller 

RTB-IVB  right  to  copy  6  Firmware 
Time  Base  Generator 
RS232C  Interface 
264X  Interface  cable 
Graphics  Terminal 
mini-tape  drives 
Asyncronous  data  interface 
HP- IB  Interface  for  264X 
Above  for  2648 
Graphics  prlntsr  plotter 
Stand  for  2631G 
casters 
paper  catcher 
Power  Fall 
Processor 

High-Speed  Software 
Preston  option 
Modified  Disc  Driver 
Preston  I/F  Kit 
high  speed  card 
Pacer 
SSH 

-to-Dlgital  Control  System 

4-channal  Amplifier-Multiplexer 

4- channel  Multiplexer 
logic  control  system 

5- channel  sample  and  hold 
A/D  converter 

I/O  Buffer  (GMDSRC  clock) 

Card  Module  with  power  supply 


Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 


Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 


Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 

Hewlett-Packard 
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V 


APPENDIX  D 

PRESSURE,  TINE,  AMD  VOLUME  RELATIONSHIP  CALCULATIONS 


| 

1 


S3 


PRESSURE,  TIME,  AND  VOLUME  RELATIONSHIP  CALCULATIONS 


Tha  analog  voltaga  from  tha  prataura  tranaducar  and  charga  ampllflar  la 
digit liad  and  aaparatad  into  voltaga  data  fllaa.  Tha  voltaga  data  films  ara 
aecaaaad  by  tha  application  programs,  and  uaad  to  calculata  tha  praaaura  at 
aach  crankangla  by  knowing  tha  propar  tranaducar  and  anpliflar  conatanta, 

P(in)  -  A6  X5  *  AjX4  +  A4X3  +  A3X2  +  AjX  +  ^  (I) 

whara: 

A.,  .  .  •  ,  A,  ■  charga  anpliflar  conatanta 
X1  0  ■  voltaga  valuaa  in  data  fila 

P(ln)  ■  Praaaura  at  crankangla  IN 

A  praaaura  adjuatmant  la  calculatad  by  knowing  tha  alrbox  praaaura  at  bottom 
daad  cantar,  (POOR)  and  lta  corraapondlng  crankangla  with  ralatlonahlp  to 
top  daad  cantar. 


POOP  -  POOR  *  K  (2) 

whara : 

PCOR  »  abaoluta  alrbox  praaaura,  in.  Kg 

X  ■  0.4912  ■  convaralon  from,  in  Hg  to  pala 
PCOP  ■  alrbox  praaaura  in  pala  at  BDC 

PP(I)  «  P(IN  +  NOPF)  (3) 

whara i 

P(IN)  ■  praaaura  at  crankangla  IN  (1) 

NOPF  ■  praaaura  crankangla  offaat  for  BDC  on 
compraaaion  atroka 

PP(I)  ■  praaaura  phaaad  to  BDC  on  compraaaion  atroka 

PCOR  ■  PP<1)  -  PCOP  (4) 

whara i 

PP(1)  ■  praaaura  calculatad  fron  voltaga  data  at  BDC 

PCOP  ■  actual  praaaura  at  BDC  (2) 

PCOR  ■  praaaura  adjuatmant 

Onca  the  praaaura  adjuatmant  la  calculatad,  all  preaauraa  in  tha  cycla  ara 
adjuatod  to  tha  rafaranca  praaaura. 


PP(I)  -  PP(I)  -  PCOR  (3) 
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One*  the  pressures  are  calculated  and  adjusted,  the  mean  effective  pressures 
can  ba  calculated  by  knowing  engine  geometry. 


MBP  -  (  IPP(I)  — £j£l)/(A  x  S)  (6) 

SMEP  d  9 

where t 

SMEP  ■  angle  at  which  MBP  calculation  starts 

RMEP  ■  angle  at  which  MBP  calculation  snds 

PP(I)  *  adjusted  pressure  at  erankangla  Z 
dv(0)/d9  ■  derivative  of  the  volume  with  respect  to 
erankangla  i 

-  A* (Ea  sin  (20)/2F<0)  -  Esinp)  (7) 

0  •  erankangla  degree  1  in  radians 

A  ■  */ 4  Ba  -  cylinder  area 
B  ■  cylinder  bore  diameter,  inches 
E  •  S/2  ■  length  of  erankthrow,  half  of  stroke 
S  •  stroke,  Inches 

P(6)-VLa-  (EBsln4e)  (8) 

L  •  connecting  rod  length,  inches 
MEP  ■  mean  affective  pressure 

Cylinder  volume  can  be  calculated  per  erankangla  degree,  which  along  with 
pressure,  yields  the  pressure-volume  relationships, 


•  |[L+E(l  +  eo*J)-F  (9)]Af  +  VC 


where: 

9  ■  erankangla  degree  I  in  radians 

L  -  connecting  rod  length,  Inches 

E  ■  S/2  ■  length  of  crankthrow,  half  of  etroke 
S  -  stroke,  Inches 

F(  6  )•  VIj*  -  E*sin*9 


A  ■  (tr/A)  B1  ■  cylinder  ares 
B  -  cylinder  bore  diameter,  inches 

VC  ■  VD/ (CR-l ,0) 

VO  -  A  *  S  -  displacement  volume 
CR  -  compression  ratio 
VC  *  clearance  volume 


-JuMLr.i .U. m.v AUi.fi h.iii.v'r  i  ‘■•i  LAu^-iiivu&ujiui 


By  knowing  pressure  end  engine  geometry,  the  heet  release  per  degree  may  be 
calculated  along  with  the  cumulative  heat  release  for  the  firing  cycle. 


DQQ  -  PP(l)  *  DVO(I)]  ♦  [«—•  V(I)  *  DPRE(I)J 

where t 

K  ■  ratio  of  specific  heats  of  the  combustion  gases 
PP(I)  ■  preaeure  at  crankangle  I  (5) 

DVO(I)  -  (!)  *  fa 

V(l>  -  V(8)  (9)  *  "7180 

DPRE(I)-  derivative  of  pressure  at  crankangle  (1) 


DPC  -  degrees /eye le 
TOT  «  data  pt, /cycle 

DQDG(X)  -  DQQ/ (12.0  *  778.) 

where  1 

DQQ  "  ft- lb-in, /deg  (11) 

12.0  ■  conversion  from  inches  to  feet 
778  ■  conversion  from  ft- lb  to  Btu'a 
DQDO(l)  -  Instantaneous  heat  release,  Btu/deg 

DQ(I)  -  DQDG(I)  *  (DPC /TOT) 

where  s 

DQ(I)  ■  hast  release  at  Increment  I,  Btu 

CHR(I)  -  CHR(I-l)  +  DQ(I) 

where 

CHR(I)  -  cumulative  heat  release,  summation  over  heat 
release  interval,  Btu 


(12) 

(13) 

(14) 
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